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SYS TEM AND METHOD FOR REMOVING CARBON MONOXIDE 

The present invention relates to the technique of removing carbon 
monoxide contained in a hydrogen-rich reformed gas (an example of 
"treatment-object gas" as so referred to in the present application) such as 
10 obtained e.g. in the reforming process of hydrocarbon fuels including 
*I natural gas, naphtha, kerosene, etc, or alcoholic fuels such as methanol. 

)Q The technique to which the present application relates is 

*C characterized that it can remove carbon monoxide up to a concentration of 

Jp ten ppm or lower. For this ability, the technique can be suitably employed 

"-15 in a power generating system using e.g. solid polymer electrolyte fuel cell 
which operates at a relatively low temperature. 



lj For the purpose of simplifying the description, the following 

in 

?3 description will be made by taking a reformed gas used in a fuel cell as an 



example of the treatment-object gas. 



Conventionally, with a fuel reforming apparatus using fossil fuel 
such as natural gas as raw fuel, a carbon monoxide shift converter is 
25 connected to the downstream end of the reformer so as to convert carbon 
monoxide in the reformed gas into carbon dioxide by the water-gas shift 
reaction, whereby the carbon monoxide concentration is reduced (removed) 
to 1% approximately. 

On the other hand, with a fuel reforming apparatus using methanol 
30 as raw fuel, since this apparatus involves a step of the water-gas shift 
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reaction, the carbon monoxide concentration is reduced (removed) to 1 % 
approximately by appropriately maintaining the operating temperature and 
the water vapor ratio. 

An example of an apparatus to which the reformed gas obtained 
above is to be fed is a polymer electrolyte fuel cell which is one type of fuel 
cell. * 

With this type of fuel cell, since it operates at a low temperature 
around about 80°C, if the, reformed gas, as the fuel gas, contains carbon 
monoxide even by a trace amount (e.g. greater than several tens of ppm), its 
electrode catalyst is poisoned by the carbon monoxide, leading to significant 
deterioration in the cell performance. Therefore, it is necessary to reduce 
the carbon monoxide concentration in the fed reformed gas to less than 
several tens of ppm, more preferably to less than 10 ppm. In other words, 
the carbon monoxide concentration in the hydrogen-rich reformed gas needs 
to be reduced (removed) by a higher level than the conventional standard 
level (about 1%). 

For the purpose of such relatively high level reduction of carbon 
monoxide, the method thus far has proposed the following methods. 

(a) A CO remover having a metal catalysis is provided on the 
downstream of the reformer, so that with supply of air or oxygen as an 
oxidizing agent, carbon monoxide contained in the reformed gas is oxidized 
to be removed as carbon dioxide. 

(b) A "methanator" is provided for causing reaction between hydrogen 
and carbon monoxide contained in the reformed gas, so that the carbon 
monoxide is reduced to be removed as methane. 



Examples of the method (a) above include the following. 



1. "The 2nd FCDIC Fuel Cell Symposium Lecture Proceedings: 235-240 
(1995)". In this, air is mixed with the reformed gas so as to achieve: 
[OJ/[CO] = 3. Then, as this mixture gas is caused to contact Ru catalyst, 
carbon monoxide in the reformed gas is selectively oxidized and removed. 

2. Japanese laid-open patent gazette: No. Hei. 7-296837: "Reformed-Gas 
Supplying System". In this, a methanol fuel reforniing system includes a 
methanol retriever disposed at the downstream of a methanol reformer and 
also includes a carbon-monoxide oxidation reactor (acting as a CO remover) 
charged with Pt-Rh catalyst disposed at the downstream of the methanol 
retriever, so as to oxidize and remove the carbon monoxide in a methanol 
reformed gas. 

Examples of the art (b) above include the following. 

1. Japanese laid-open patent gazette No. Hei. 6-283189: <c Fuel-Cell Power 
Generating System". In this, on the downstream of a CO shift converter, 
there are disposed a C0 2 adsorber and methanator having an Ni catalyst, so 
that some of carbon dioxide contained in the reformed gas is adsorbed and 
removed at the CO a adsorber and then carbon monoxide and the remaining 
carbon dioxide are methanated by the metanator to be removed as methane. 

However, the above-described methods respectively have the 
following problems. 

(a) problem with oxidation removal 

In order to sufficiently remove carbon monoxide, it is necessary to 
add oxygen by an amount greater than 6 chemical equivalent. Then, not 
only the carbon monoxide to be removed, a great amount of hydrogen which 
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can be a useful fuel will be lost by combustion. 

(b) problem with removal using methanator 

With this technique, if the treatment-object gas contains also carbon 
dioxide as is the case with a reformed gas, methanation of carbon dioxide, in 
addition to that of carbon monoxide, tends to occur with very high likelihood. 
For this reason, if carbon monoxide is to be removed sufficiently while 
restricting loss of hydrogen due to methanation of carbon dioxide, it is 
necessary to first absorb and remove the carbon dioxide also present in the 
reformed gas, so that the system required for this tends to be complicated. 




The present invention has been made in order to solve the above- 
described problems, and its object is to obtain a carbon-monoxide removing 
technique capable of very effectively reducing/removing carbon monoxide 
present at one thousand of ppm to several % in a hydrogen-rich treatment- 
object gas such as a reformed gas obtained by reforming of a fuel such as 
natural gas, methanol, etc. to a concentration of several tens of ppm 
(preferably 10 ppm) or lower without excessive loss of hydrogen (with 
minimizing the consumption of hydrogen), even when carbon dioxide, 
methane are co-existent. 

For accomplishing this object, according to characterizing features 
of the present invention, a system for removing carbon monoxide from a 
hydrogen-containing treatment-object gas comprises two stages of CO 
removers for removing carbon monoxide, the first-stage CO remover 
removing a portion of the carbon monoxide by methanation thereof through 
a catalyst reaction, the second-stage CO remover removing the remaining 
portion of the carbon monoxide mainly by oxidation thereof through a 



further catalyst reaction involving addition of an oxidizing agent. 

The carbon monoxide removing system of the invention includes 
two stages of first CO remover and second CO remover which are disposed in 
the mentioned order, so that the treatment-object gas containing carbon 
monoxide is fed first into the first CO remover and then into the second CO 
remover, whereby treatment-object gas having its carbon monoxide content 
removed is obtained from the second CO remover. 

In the above, the removal of carbon monoxide by the first CO 
remover is methanation removal using catalyst reaction and that by the 
second CO remover is mainly oxidation removal using catalyst reaction 
involving addition of an oxidizing agent. 

Accordingly, in this removing process, at the first CO remover, by 
using hydrogen present in the surrounding, methanation of carbon monoxide 
is promoted for removal of the carbon monoxide, so that no oxidizing agent is 
required. By this catalyst reaction, a major part (more than half) of carbon 
monoxide present in the treatment-object gas may be methanated to be 
removed. 

Subsequently, at the second CO remover, the remaiiiing portion of 
the carbon monoxide is removed mainly through oxidation thereof by a 
catalyst reaction involving addition of an oxidizing agent. In this case, since 
the amount of the carbon monoxide has already been reduced, the remaining 
amount of carbon monoxide can be substantially entirely removed (to a 
concentration of several ppm approximately, for instance) with restricting 
the amount of the oxidizing agent to be added to the treatment-object gas. 

Therefore, with this carbon-monoxide removing system, it is 
possible to restrict the amount of the oxidizing agent required for the 
removal to be smaller than the equivalent of the carbon monoxide entering 
the first CO remover. As a result, treatment-object gas free from carbon 
monoxide may be obtained with limiting the amount of useful hydrogen to be 
consumed in the combustion. 



Such removing system as described above may be applied as it is to 
a case where the treatment-object gas contains a certain amount (e.g. 20%) 
of carbon dioxide. This is a major characterizing feature of the present 
invention. 

Preferably, in the carbon-monoxide removing system described 
above, the first CO remover includes a first metal catalyst comprising one or 
more kinds selected from the group consisting of Ru, Pt, Rh, Pd, etc and 
capable of methanating carbon monoxide and a first-catalyst reaction 
condition setting mechanism for maintaining a catalyst reaction layer of the 
remover at a temperature required for methanation reaction of the carbon 
monoxide by the first metal catalyst; and 

the second CO remover includes a second metal catalyst comprising 
one or more kinds selected from the group consisting of Ru, Pt, Rh, Pd, etc. 
and capable of oxidizing the carbon monoxide, a second-catalyst reaction 
condition setting mechanism for maintaining a catalyst reaction layer of the 
remover at a temperature required for the oxidation reaction of the carbon 
monoxide by the second metal catalyst, and an oxidi zing-agent supplying 
mechanism for supplying the oxidizing agent required for the oxidation 
reaction with adjustment of its addition amount. 

With this system, both of the reaction at the first CO remover and 
that at the second CO remover involve metal catalysts, but different catalyst 
reaction from each other. 

That is to say, at the first CO remover, the first metal catalyst is 
employed and the first-catalyst reaction condition setting mechanism is 
provided for providing the catalyst reaction condition for causing the 
methanation thereof, whereby the methanation of carbon monoxide is 
promoted to ensure its treatment amount. 

On the other hand, at the second CO remover, the oxidizing agent 
required for the oxidation of the carbon monoxide is supplied from the 




oxidizing- agent supplying mechanism and also with the second-catalyst 
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reaction condition setting mechanism, the reaction between this oxidizing 
agent and the carbon monoxide is effected by the second metal catalyst. 
With these, the carbon monoxide, which has already been reduced to a 
relatively small amount, can be removed mainly through the oxidation by 
the second metal catalyst. 

Now, if the above-described treatment is effected on a reformed gas 
(such gas is obtained by reforming fuel such as hydrocarbon such as natural 
gas, alcohol such as methanol, naphtha, kerosene, etc. , and usually contain 
hydrogen more than about 50% on the dry basis) to be supplied as a fuel gas 
to a fuel cell, the fuel cell can operate effectively by using the reformed gas 
from which carbon monoxide has been removed effectively. Hence, the 
present invention can be suitably applied especially to a solid polymer 
electrolyte fuel cell. 

In the above, the construction of the carbon monoxide removing 
system of the invention has been described. Next, there will be described 
the invention's method of removing carbon monoxide using such system. 

The method of removing carbon monoxide from a hydrogen- 
containing treatment-object gas, according to the present invention, is 
characterized by the following steps: 

a) a first step of causing the treatment-object gas to contact a first 
metal catalyst capable of methanating carbon monoxide, so that a portion of 
the carbon monoxide is removed through its methanation; and 

b) a second step of causing the treatment-object gas from the first 
step together with an oxidizing agent to contact a second metal catalyst 
capable of oxidizing carbon monoxide so that the remaining portion of 
carbon monoxide is removed mainly through its oxidation. 

In the above, the first step corresponds to the process effected at the 
first CO remover of the invention's carbon monoxide removing system 
described above and the second step corresponds to the process effected at 
the second CO remover of the same. 



By the same operating principle as described hereinbefore in the 
foregoing section describing the system, with this carbon monoxide removing 
method, the treatment-object gas substantially free from carbon monoxide 
may be obtained, with minimizing the amount of the oxidizing agent 
required for removal so as to reduce the amount of useful hydrogen 
consumed in the combustion. And, this removal is possible to a 
concentration of several ppm or lower to several tens of ppm. Also, this 
removal is possible even when the treatment-object gas contains e.g. about 
20% of carbon dioxide, without involving treatment of this component. 

Preferably, in the first step, a reaction temperature of catalyst 
reaction between a first metal catalyst and the treatment-object gas is 
controlled to a temperature at which methanation of carbon monoxide may 
be promoted with restricting methanation of carbon dioxide, so as to reduce 
the carbon monoxide concentration of the treatment-object gas to be obtained 
from this step as much as possible. In this respect, it is especially preferred 
that the carbon monoxide concentration be reduced to 70% or lower, more 
preferably 50% or lower, most preferably 30% or lower of the original carbon 
concentration of the gas charged into this first step. For example, if it is 
reduced to 50% or lower, the amount of hydrogen loss in association with the 
CO oxidation at the second step can be reduced and also the amount of heat 
generated in association with the oxidation too can be reduced. As a result, 
the temperature control of the reactor becomes easier and the CO oxidation 
can be effected reliably. 

With the catalyst having the methanating ability for carbon 
monoxide, methanation of carbon dioxide too tends to occur. Then, by 
restricting this reaction, the consumption of hydrogen may be reduced to the 
necessity minimum. Moreover, by reducing the concentration of carbon 
monoxide discharged from the first step to be smaller than a predetermined 
amount, it becomes possible to remove carbon monoxide through its 
oxidation at the second step easily and reliably and the amount of oxidizing 
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agent required may also be reduced. 

Preferably, in the first step, a first metal catalyst comprising one or 
more kinds selected from the group consisting of Ru, Pt, Rh, Pd, is employed 
and a catalyst reaction layer is maintained at a temperature where 
methanation of carbon monoxide takes place by the first metal catalyst. 
This is because these catalysts are capable of methanation of carbon 
monoxide. 

More particularly, it is preferred that the first metal catalyst be a 
high quantity metal supported catalyst comprising the one or more kinds 
selected from the group consisting of Ru, Pt, Rh, and Pd by 0.1 to 5 wt.% 
(more preferably 0.5 to 5 wt.%) supported on a catalyst support. In this if 
the metal content is lower than 0.1 wt.%, the methanation activity tends to 
be reduced. Whereas, if it exceeds 5 wt.%, no significant improvement in 
the methanation activity can be achieved. 

Next, in the second step, a second metal catalyst comprising one or 
more kinds selected from the group consisting of Ru, Pt, Rh, and Pd is 
employed and a catalyst reaction portion is maintained at a temperature 
where oxidation of carbon monoxide takes place by the second metal catalyst 
involving addition of an oxidizing agent. 

. The catalysts, as described hereinbefore, cause methanation of 
carbon monoxide. But, at the same time, in the presence of a large amount 
of oxidi zi ng agent (oxidizing atmosphere) and at a relatively low 
temperature, they act as catalysts for mainly oxidizing carbon monoxide. 
Accordingly, by using such metal as the second metal catalyst suitable for 
the object of the present invention, the reaction at its catalyst reaction layer 
is controlled to be limited to an oxidation reaction mainly. Whereby, the 
remaining portion of the carbon monoxide may substantially entirely be 
oxidized and removed. 

More particularly, it is preferred that the second metal catalyst be a 
low quantity metal supported catalyst comprising the one or more kinds 



selected from the group consisting of Ru, Pt, Rh, and Pd by 0.1 to 5 wt.% 
(more preferably 0.1 to 2 wt.%) supported on a catalyst support. In this if 
the metal content is lower than 0.1 wt.%, the oxidation activity tends to be 
reduced. Whereas, if it exceeds 5 wt.%, no significant improvement in the 
oxidation activity can be achieved. 

Further, in the above-described treatment of carbon monoxide, 
preferably, the total amount of the oxidizing agent supplied at the second 
step be below 3 chemical equivalents in oxygen conversion relative to the 
amount of carbon monoxide originally contained in the treatment-object gas, 
more preferably below 2 chemical equivalents, most preferably below the 
chemical equivalent. In this case, the consumption amount of hydrogen 
may be reduced sufficiently. 

Also preferably, a second-catalyst reaction temperature which is the 
catalyst reaction temperature at the second step is set to be lower than a 
first-catalyst reaction temperature which is the catalyst reaction 
temperature at the first step. 

Temperature suitable for methanation exists in a relatively high 
temperature range. Then, in order to cause the oxidation mainly, this 
should take place at a temperature range lower than the above temperature 
range. In such case, no heating operation becomes necessary in particular. 

Further, as described hereinbefore, preferably, the method of the 
invention is applied to a reformed gas. 

In the present invention, basically, the first step utilizes 
methanation reaction and the second step utilizes oxidation reaction. Then, 
it is desirable that the amount of hydrogen consumed at the first step be 
minimized. Therefore, the present inventors have conducted intensive 
research and achieved the following invention. 

Namely, in removing carbon monoxide from a hydrogen-containing 
treatment-object gas, the treatment-object gas is exposed to a first metal 
catalyst capable of methanating carbon monoxide so as to remove the carbon 
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monoxide as methane. In doing this, it is preferred that the methanation 
reaction be effected with setting the methanation reaction temperature 
higher than 160°C and lower than 240°C. 

With this, by setting the temperature higher than a predetermined 
5 temperature (higher than 160°C), the methanation reaction will proceed to a 
certain degree, whereas by setting also this temperature lower than a 
predetermined temperature (lower than 240°C), it is possible to sufficiently 
restrict occurrence of methanation of carbon dioxide which tends to involve 
consumption of hydrogen. More preferably, the upper-limit temperature is 
10 setat200°C. 

Q In this case, such relatively low temperature range is employed for 

1% the methanation reaction. Therefore, it is preferred from the view point of 

^ catalyst reactivity, the first metal catalyst comprise catalyst containing Ru. 



1 5 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a view showing a first embodiment 



BEST 



An example of mode of using a carbon-monoxide removing system 
according to the present invention will be described. 

From a carbon-monoxide shift converter reactor, a treatment-object 
gas which contains a relatively large amount, i.e. about 6000 ppm to 1 wt.%, 
25 of carbon monoxide is guided to a first CO remover (incorp orating a "high 
quantity metal supported catalyst")- Generally, this treatment-object gas 
contains no oxidizing component (oxygen). 

Next, the treated treatment-object gas discharged from the first CO 
remover is guided to a second CO remover. In this second CO remover 
30 (incorporating a "low quantity metal supported catalyst"), to a trace amount 
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of carbon monoxide which remains un-removed at the first CO remover, air 
or oxygen alone is added as an oxidizing agent to obtain [OJ / [CO] ratio of 
0.5 to 4.5 and then a reaction is carried out at a relatively low temperature 
range. In this, a CO sensor or the like may be provided between the second 
CO remover and the first CO remover so that the amount of oxidizing agent 
be controlled based on a detection value from this sensor. 

The t£ high quantity metal supported catalyst" is a catalyst 
comprising 0.5 to 5 wt.% of one or more kinds of metal selected from the 
group consisting of Ru, Pt, Rh, and Pd supported on an alumina. The 'low 
quantity metal supported catalyst" is a catalyst comprising 0.1 to 2 wt.% of 
one or more kinds of metal selected from the group consisting of Ru, Pt, Rh 
and Pd supported on an alumina support. 

In each catalyst reaction, a value of GHSV (Gas Hourly Space 
Velocity: treatment-object gas flow amount/ catalyst volume (1/h)) is set to 
about 500 to 100000/h (set to a practically possible range). 
Further, the reaction temperature (° c ) at the first CO remover is set to a 
range from 155 to 300°C. Whereas, the reaction temperature at the second 
CO remover is set to a range from 50 to 250°C lower than the reaction 
temperature at the first CO remover. That is, the former is set to be higher 
than the latter. 

In the above, preferably, the reaction temperature of the first step 
at the first CO remover is set to 155 to 300°C (more preferably, to 175 to 
250°C). And, preferably, the reaction temperature of the second step at the 
second CO remover is set to a relatively lower range of 50 to 250°C (more 
preferably, to 100 to 160°C). This is because the temperature range should 
differ in correspondence with each object. 

If the temperature of the first step is lower than 155°C, the 
methanation activity tends to be lower. Whereas, if it is higher than 300°C, 
an influence of a side reaction tends to appear. Then, if the reaction 
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(incorp orating 1 a 'low quantity metal supported catalyst"), to a trace amount 
of carbon monoxide which remains un-removed at the first CO remover, air 
or oxygen alone is added as an oxidizing agent to obtain [OJ / [CO] ratio of 
0.5 to 4.5 and then a reaction is carried out at a relatively low temperature 
range. In this, a CO sensor or the like may be provided between the second 
CO remover and the first CO remover so that the amount of oxidizing agent 
be controlled based on a detection value from this sensor. 

The "high quantity metal supported catalyst" is a catalyst 
comprising 0.5 to 5 wt.% of one or more kinds of metal selected from the 
group consisting of Ru, Pt, Rh, Pd and Ni supported on an alumina. The 
/low quantity metal supported catalyst" is a catalyst comprising 0.1 to 2 
wt.% of one or more kinds of metal selected from the group consisting of Ru, 
Pt, Rh and Pd supported on an alumina. 

In each catalyst reaction, a value of GHSV (Gas Hourly Space 
Velocity: treatment-object gas flow amount/ catalyst volume (1/h)) is set to 
about 500 to 100000/h (set to a practically possible range). 

Further, the reaction temperature (°C) at the first CO remover is set 
to a range from 155 to 300°C. Whereas, the reaction temperature at the 
second CO remover is set to a range from 50 to 250°C lower than the 
reaction temperature at the first CO remover. That is, the former is set to 
be higher than the latter. 

In the above, preferably, the reaction temperature of the first step 
at the first CO remover is set to 155 to 300°C (more preferably, to 175 to 
250°C). And, preferably, the reaction temperature of the second step at the 
second CO remover is set to a relatively lower range of 50 to 250°C (more 
preferably, to 100 to 160°C). This is because the temperature range should 
differ in correspondence with each object. 

If the temperature of the first step is lower than 155 °C, the 
methanation activity tends to be lower. Whereas, if it is higher than 300°C, 
an influence of a side reaction tends to appear. Then, if the reaction 
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temperature is set to be lower than 250°C, methanation of carbon dioxide 
which is unnecessary in the present invention, can be restricted in particular. 
For achieving the restriction of methanation of carbon dioxide and promotion 
of methanation of carbon monoxide, an even more preferred range is a 
temperature range from 160°C to 240°C. 

On the other hand, at the second step, if the temperature range is 
set to be relatively low (lower than 250°C), oxidation reaction will mainly 
take place, so that it becomes easier to reduce carbon monoxide to a 
sufficient level. 

If the temperature of the second step is lower than 50 °C, the 
reactivity will be low. Whereas, if it is higher than 250°C, it may happen 
that it becomes difficult to reduce carbon monoxide to be lower than several 
tens of ppm, due to a side effect such as a reverse-shift reaction (reverse 
water-gas shift reaction). 

With the above arrangements, at the first CO remover, carbon 
monoxide is reacted with hydrogen in the treatment-object gas to be 
converted into methane at the relatively high temperature range according 
to a reaction formula: CO + 3H 2 — »CH 4 + H 2 0, so that most of the carbon 
monoxide may be removed. This reaction can take place through 
appropriate control of the catalyst reaction temperature, substantially 
without aid of an oxidizing agent. In this case, the amount of carbon 
monoxide removable by the methanation reaction can be higher than 70% of 
that introduced into the first CO remover. 

Next, at the second CO remover, mainly through a oxidation 
reaction involving an oxidizing agent according to a formula: 2CO +.0 2 — > 
2C0 2) carbon monoxide is removed. This removal is possible to a level of 
several tens of ppm (preferably, 10 ppm) or lower. Hence, this may be 
suitably applied to a polymer electrolyte fuel cell. 

Accordingly, for carbon monoxide contained in a treatment-object 
gas at a reaction outlet of a carbon monoxide shift converter, the 
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conventional method requires oxygen three times in the mole ratio, i.e. 6. 
chemical equivalents. On the other hand, according to the present 
invention, only with addition of air containing oxygen by a concentration 
lower than the chemical equivalent of the carbon monoxide, the carbon 
monoxide contained in the treatment- object gas may be removed. And, 
unnecessary consumption of hydrogen may be reduced correspondingly. 

Further, even when air is selected as the oxidizing agent, the 
addition amount of air is small. Thus, the amount of nitrogen to be mixed 
into the treatment-object gas too can be reduced. Consequently, reduction 
in the partial pressure of the hydrogen in the treatment-object gas may be 
decreased. 

By appropriate control of the reaction temperatures of the first CO 
remover and the second CO remover, it is possible to restrict such side 
reaction as: C0 2 + 4H 2 -^CH 4 + 2H 2 0 or C0 2 + H 2 -^CO + H s O, etc. So that; 
carbon monoxide may be removed very efficiently even when several tens 
of % of carbon dioxide is co-existent in the gas and the loss of hydrogen may 
be reduced. 

The removing method of the invention is very suitable also for a 
case where methane is present in the treatment-object gas, since the method 
functions well in such case as well. 

Further, comparing the reaction temperature of the first CO 
remover and the reaction temperature of the second CO remover to each 
other, the reaction temperature shifts from a high temperature to a low 
temperature along the flow passage. 

Moreover, if the treatment-object gas is supplied to a low- 
temperature operating fuel cell such as a solid polymer electrolyte fuel cell by 
employing the method of the present invention, it is possible to supply fuel 
gas with lower efficiency reduction, by avoiding CO poisoning of the electrode 
catalyst of the fuel cell. 
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Fig. 1 shows a construction of a system according to a first 
embodiment of the present invention for removing carbon monoxide in a 
treatment-object gas. Fuel 1 consisting mainly of natural gas is introduced 
to a desulfurizer 2 to have its sulfur content removed. Next, this together 
with water vapor 3 is fed to a reformer 4 to be subjected to a reforming 
reaction. Subsequently, it is subjected to a carbon-monoxide shift reaction 
(water-gas shift reaction) at a carbon-monoxide transformer 5. 

After this unit, there are disposed a first CO remover 6 and a second 
CO remover 7. To the second CO remover 7, air 8 is added as an oxidizing 
agent. 

The first CO remover 6 is equipped with a first-catalyst reaction 
condition setting mechanism 6a for realizing a catalyst reaction condition at 
this remover suitable for this invention. This first-catalyst reaction 
condition setting mechanism 6 a provides a flow control function for 
controlling the amount of reformed gas passing the remover 6 in relation 
with the amount of catalyst available and a temperature controlling function 
for controlling the reaction temperature, so that GHSV and the reaction 
temperature can be adjustably set. On the other hand, the second CO 
remover 7 is equipped with a second-catalyst reaction condition setting 
mechanism 7a which provides an equivalent function to the first-catalyst 
reaction condition setting mechanism 6a to the second remover 7. In 
general, in actual use, the S V value is fixed in a catalyst reaction. Therefore, 
the first-catalyst reaction condition setting mechanism 6 a and the second- 
catalyst reaction condition setting mechanism 7a should be able to adjusting 
at least the temperature of the respective catalyst reaction portion. 

The second CO remover 7 is further equipped with an oxidizing- 
agent adding mechanism 7b capable of adding an oxidizing agent with 
adjustment of its addition amount. The amount of this addition is set to be 
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an oxidizing-agent amount just sufficient for the oxidation in relation with 
the CO concentration of the reformed gas at the entrance of the second CO 
remover 7. Needless to say, the oxidizing agent should not be supplied 
excessively. 

Next, modes of using this system will be described, 
[first embodiment] 

The first CO remover 6 was charged with catalyst (as a first metal 
catalyst and also as a: high quantity metal supported catalyst) comprising 1 
wt.% of ruthenium supported on granular alumina. Then, a reformed gas 
(humidified gas containing 6000 ppm of carbon monoxide, 5000 ppm of 
methane, 20% of carbon dioxide and 78.9% of hydrogen) obtained from the 
exit of carbon-monoxide shift converter 5 was introduced to this first CO 
remover 6, in which a methanation reaction of CO was effected at GHSV 
3750-15000/h and at a temperature of 200 to 230°C. 

Next, the second CO remover 7 was charged with catalyst (as a 
second metal catalyst and also as a low quantity metal supported catalyst) 
comprising 0.5 wt.% of ruthenium supported on granular alumina. The 
reformed gas obtained from the exit of this first CO remover 6 was 
introduced to the second CO remover 7. In this, air 8 containing oxygen by 
an amount corresponding to a ratio of 1.5 of [OJ / [CO] relative to the CO 
concentration of the reformed gas at the entrance of the second CO remover 
7 was added, so that CO oxidation was effected at GHSVl5000/h 
approximately and at 150°C. 

The results are summarized and shown in Table 1 below. 



16 



Table 1 



example 


first CO 

remover 

temperature 

CO 


SV value 
1/h 


oirit fO 
cXlt \sKJ 

concentration 
(ppm) 


exit CO 
concentration of 
second CO 
remover (ppm) 


1 


200 


3750 


353 


0 


2 


200 


5000 


1627 


0 


3 


210 


5000 


322 


0 


4 


210 


7500 


1497 


0 


5 


230 


7500 


223 


0 


6 


230 


15000 


889 


0 



In the above, the CO concentration of the treatment-object gas 
introduced into the first CO remover was 6000 ppm. In the table above, as 
for the value "0" as the CO concentration, the detection limit of CO 
concentration was 5 ppm. 

Now, the concentrations of methane formed at the first CO remover 
for the respective examples were as follows. 



example 


first CO remover 
temperature (°C) 


exit CO 

concentration 

(ppm) 


concentration of 
methane formed 
(ppm) 


1 


200 


353 


7013 


2 


200 


1627 


4483 


3 


210 


322 


7179 


4 


210 


1497 


4577 


5 


230 


223 


10145 


6 


230 


889 


10803 



The results show that CO removal was possible in each case with an 
amount of oxygen (the amount of oxidizing agent) smaller than the chemical 
equivalent of the amount of carbon monoxide entering the first CO remover 
6. 



[second embodiment] 
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The first CO remover 6 was charged with catalyst (as a first metal 
catalyst and also as a high quantity metal supported catalyst) comprising 2 
wt.% of ruthenium supported on granular alumina. Then, a reformed gas 
(humidified gas containing 6000 ppm of carbon monoxide, 5000 ppm of 
methane, 20% of carbon dioxide and 78.9% of hydrogen) obtained from the 
exit of carb on -monoxide shift converter 5 was introduced to this first CO 
remover 6, in which a methanation reaction of CO was effected at GHSV 
3750-5000/h and at a temperature of 220 to 260°C. 

Next, the second CO remover 7 was charged with catalyst (as a 
second metal catalyst and also as a low quantity metal supported catalyst) 
comprising 1 wt.% of ruthenium supported on granular alumina. Then, the 
reformed gas from the exit of the first CO remover 6 was introduced to this 
second CO remover 7, in which with addition of air containing oxygen by an 
amount corresponding to [OJ / [CO] ratio of 1.3 relative to the CO 
concentration of the reformed gas at the entrance to this second CO remover 
7, CO oxidation reaction was carried out at GHSV 15000/h approximately 
and at a temperature of 135°C. 

The results are summarized and shown in Table 2 below. 



Table 2 



example 


first CO 


SV value 


exit CO 


exit CO 




remover 


1/h 


concentration 


concentration of 




temperature 




(ppm) 


second CO 




CO 






remover (ppm) 


1 


220 


3750 


1021 


0 


2 


220 


5000 


1510 


0 


3 


240 


3750 


803 


0 


4 


240 


5000 


965 


0 


5 


260 


5000 


1053 


0 
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In the above, the CO concentration of the treatment-object gas 
introduced into the first CO remover was 6000 ppm. In the table above, as 
for the value "0" shown as the CO concentration, the detection limit of CO 
concentration was 5 ppm. 

In this example too, substantially same results as the above 
example were obtained regarding the methane formed. 

The results show that CO removal was possible in each case with an 
amount of oxygen (the amount of oxidizing agent) smaller than the chemical 
equivalent of the amount of carbon monoxide entering the first CO remover 
6. 

As described above, after the carbon-monoxide shift converter 5, 
there are provided the two stages of CO removers, i.e. the first CO remover 6 
and the second CO remover 7. At the first CO remover 6, a major portion of 
CO contained in reformed gas is removed through its methanation. At the 
second CO remover 7, the remaining portion of CO is removed through its 
oxidation with addition of a trace amount of oxidizing agent. Consequently, 
it was possible to remove carbon monoxide from reformed gas while 
significantly reducing the amount of oxidizing agent to be added. 

[comparison example 1] 

In this comparison example 1, catalyst comprising 2 wt.% of 
ruthenium supported on granular alumina was charged into a CO remover, 
into which a hydrogen balance gas having a carbon monoxide concentration 
of 6000 ppm, a carbon dioxide concentration of 20% and a methane 
concentration of 5000 ppm was added air containing 2 1% of oxygen (the 
ratio between gas and air: [OJ / [CO] = 2 approximately), and then this 
mixture was introduced at GHSV 5000/h at the reaction temperature of 
150°C. When oxidation removal alone was conducted under this condition, 
it was found that 33 ppm of CO remain un-removed. 
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[comparison example 2] 

In this comparison example 2, catalyst comprising 2 wt.% of 
ruthenium supported on granular alumina was charged into a CO remover, 
into which a hydrogen balance gas having a carbon monoxide concentration 
of 6000 ppm, a carbon dioxide concentration of 20% and a methane 
concentration of 5000 ppm was introduced at GHSV 5000/h at the reaction 
temperature of 150°C. When the carbon monoxide removal by methanation 
was conducted under this condition, it was found that only about 100 ppm of 
the carbon monoxide was methanated. 

[other modes of embodying the invention] 

(a) In the foregoing embodiments, the system includes the desulfurizer 2 
and the carbon monoxide shift converter 5. Depending on the kind of fuel, 
however, they system may eliminate these. That is to say, the present 
invention does not provide any limitations in the process of forming the 
reformed gas before the carbon monoxide removing system. 

In the above respect, however, the reformed gas should contain 
hydrogen to be used as a fuel gas as its main component thereof (more than 
about 50% on the dry basis) and also carbon monoxide to be removed. 

In general, such reformed gas hardly contains such components as 
oxygen which is an oxidizing agent component. 

(b) In the foregoing embodiments, air and oxygen are cited as examples of 
the oxidizing agent. Alternatively, the oxidizing element may be any 
substance containing a certain component which can contribute to oxidation. 

(c) In the foregoing embodiments, the first CO remover and the second 
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CO remover are provided separately from each other. Instead, it is possible 
to provide, as a construction for effecting the above-described process, a 
single-container construction housing a catalyst for methanation disposed on 
the upstream side in the flow direction of the treatment-object gas having 
catalyst for methanation, a catalyst for oxidation disposed on the 
downstream side. in the same direction with a mechanism for introducing an 
oxidizing agent to this portion. 

In such case, the upstream portion of the container corresponds to 
the first CO remover and the downstream portion thereof corresponds to the 
second CO remover. 

(d) Other embodiments of the present invention will be described next. 

[other embodiments] 

The first CO remover 6 was charged with catalyst (as a first metal 
catalyst) comprising a granular alumina supporting 1 wt.% of rhodium. 
Then, a reformed gas (same as first and second embodiments) obtained from 
the exit of carbon -monoxide shift converter 5 was introduced to this first CO 
remover 6, in which a methanation reaction of CO was effected at GHSV 
3750-7500/h and at a temperature of 260 to 300°C. 

Next, the second CO remover 7 was charged with catalyst (as a 
second metal catalyst and also as a low quantity metal supported catalyst) 
comprising 1 wt.% of ruthenium supported on granular alumina. Then, the 
reformed gas from the exit of the first CO remover 6 was introduced to this 
second CO remover 7, in which with addition of air 8 containing oxygen by 
an amount corresponding to [OJ / [CO] ratio of 1.3 relative to the CO 
concentration of the reformed gas at the entrance to this second CO remover 
7, CO oxidation reaction was carried out at GHSV 15000/h approximately 
and at a temperature of 135°C. 



The results axe summarized and shown in Table 3 below. 



Table 3 



example 


first CO 


SV value 


exit CO 


exit CO 




remover 


1/h 


concentration 


concentration 




temperature 




(ppm) 


of second CO 




CO 






remover 
(ppm) 


1 


260 


3750 


1502 


0 


2 


280 


7500 


1753 


0 


3 


280 


5000 


728 


0 


4 


300 


7500 


552 


0 


5 


300 


5000 


217 


0 



In the above, the CO concentration of the treatment-object gas 
introduced into the first CO remover was 6000 ppm. In the table above, as 
for the value "0" shown as the CO concentration, the detection limit of CO 
concentration was 5 ppm. 

In this example too, substantially same results as the above 
example were obtained regarding the methane formed. 

The results show that rhodium can be used also. 

Further, by using the combination shown in the second embodiment 
of the first CO remover 6 comprising the mthenium catalyst and the second 
CO remover 7 comrpising the ruthenium catalyst and under the conditions 
of example 1 (the example shown as example 1 in Table 2), the catalyst of the 
second CO remover 7 was replaced by 0.5 wt.% of platinum supported on 
granular alumina (an example of second metal catalyst). Then, the system 
was operated. 

The operating conditions of the second CO remover 7 were: the 
catalyst reaction temperature 170°C; GHSV 30000 and the addition amount 
of air: [OJ / [CO] = 2.7. With these, the carbon monoxide concentration was 
reduced to 0 ppm (below the actual detection limit). Therefore, platinum 
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can be employed in the second CO remover in this invention. 

Further, by using the combination shown in the first alternate 
embodiment of the first CO remover 6 comprising the rhodium catalyst and 
the second CO remover 7 comprising the rutheniixm catalyst and under the 
conditions of example 5 (the example shown as example 5 in Table 3), the 
catalyst of the second CO remover 7 was replaced by 1 wt.% of rhodium 
supported on granular alumina (an example of second metal catalyst). 
Then, the system was operated. 

The operating conditions of the second CO remover 7 were: the 
temperature 250°C; GHSV 15000 and the addition amount of air: [0 2 ] / [CO] 
= 4. With these, in this case too, the carbon monoxide concentration at the 
exit of the second CO remover 7 was reduced to 0 ppm (below the actual 
detection limit). Therefore, rhodium can be employed in the second CO 
remover in this invention. 

EFFECT OF -TfBBlNVKNTlON-- 

According to the present invention, the amount of oxidizing agent 
such as air or oxygen to be added in the course of removal of carbon 
monoxide from a reformed gas can be reduced significantly. Thus, CO 
removal of reformed gas is possible with minimizing loss of hydrogen by 
combustion. 

Further, since in a fuel cell system methane produced by 
methanation of carbon monoxide can be used as a fuel for a burner of the 
reformer, it is possible to improve high efficiency of the system. 

For this reason, it is possible to feed a fuel reformed gas with high 
efficiency to a low-temperature operating type fuel cell such as polymer 
electrolyte fuel cell using a fuel such as natural gas, methanol, etc. 

Since the above-described method of the present invention allows 
efficient removal of carbon monoxide with a relatively high GHSV, the 
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# # 

method provides the advantage of allowing the CO removers to be formed 
compact. 
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